Abstract
Introduction
The university course Bioprocess Engineering is designed to introduce the student to the principles of biochemical engineering, and its application to some of the most important operations in the biotechnology industry. In recent years, biochemical engineering has reached a major impact. In this course, the students acquire a global understanding of the biochemical processes (either fermentative or enzymatic). As such, tools such as fundamentals of industrial biotechnology, enzymatic and fermentative process kinetics and the introduction to reactor calculations based on mass balances. From there, concepts about unitary operations directly linked to biochemical processes of the biotechnology industry, such as the sterilization of means and equipment will be studied, as well as airing and stirring in bioreactors. After this part of theoretical fundamentals is over, the focus shifts to fundamentals of increased and decreased scaling and the applications of biochemical processes.
In the last years, the application of new technology to biotechnology courses had been described (Evans, Gibbons, Shah, & Griffin, 2004; Montgomery, 2003; Sessink, Beeftink, Hartog, & Tramper, 2006; Sessink, Van der Schaaf, Beeftink, Hartog, & Tramper, 2007) . The rapid development of Internet communication technology has made eLearning an attractive alternative tool to facilitate learning and increase the student motivation (Bodzin & Cates, 2003) . A new teaching methodology, very different from that which was common 30 years ago with non-participatory lectures and classes based on taking notes, was established. A new Bioprocess Engineering course was designed and successfully implemented until today. In this course the teaching strategies and learning systems was lectures, tutorial and practical, inclass discussion, journal reflection, laboratory practice, conceptual maps, collaborative learning, seminar work with oral presentation, field visits, hands-on, web-based learning and assessment tools, service-learning portfolio.
Course design
The course Bioprocess Engineering is focused on the interaction of chemical engineering, biochemistry, and microbiology. Cell growth
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Marta PAZOS, Maria A. LONGO, M.Angeles SANROMAN kinetics and bioreactor concepts constitute essential knowledge for Bioprocess Engineering students. This subject belongs to the fourth course of Biology degree and it is developed in seven themes in onesemester course. The themes developed during the course are introduction to biotechnology, genetic concepts for microorganisms, kinetic studies, upstream processes, bioreactor design, downstream processes and sterilization. The competences that student should obtain after this course are:
• Develop mathematical models for simulating and understanding biochemical processes.
• Scale-up or scale-down production in bioprocesses.
• Suitably chosen laboratory biotechnology experiments.
• Design of biotechnological processes and optimize existing processes.
• Evaluate the economic feasibility of the production process.
• Recognize the implications of environmental standards and standards for consumer goods, and of the control of their observance.
For this purpose along the course several activities are developed in order to improve the student understanding in the subject. In this course the teaching strategies and learning systems were:
• Lectures. Lectures provide a guide to the subject matter and set out the foundations on which the student can build your knowledge.
• Tutorial and practical. Tutorial and practical give to the student the opportunity to develop themes or discuss problems. These classes are much smaller than lectures, with the tutor providing a key link between student and the course work. Revista Românească pentru Educaţie Multidimensională
• In-class discussion. Class discussions help students to examine, evaluate and share knowledge about a subject matter. They provide an atmosphere for students to create new ideas, view from different perspectives, and improve their communication and expression skills.
• Journal reflection. Reflective writing assignments allow students to demonstrate their mastery of concepts discussed in class and an opportunity to present questions about the lectures and/or discussion materials.
• Laboratory practice. The objective of the laboratory practice is to introduce students to experimentation, problem solving, data gathering, and scientific interpretation. Students learn many practical aspects of cell culturing include many new procedures for students (e.g., reactor building, medium preparation, sterile sampling, cell counting, etc.) and apply the theory to a practical situation.
• Collaborative learning. Proponents of collaborative learning claim that the active exchange of ideas within small groups not only increases interest among the participants but also promotes critical thinking. There is persuasive evidence that cooperative teams achieve at higher levels of thought and retain information longer than learners who work quietly as individuals. The shared learning gives an opportunity to engage in discussion, take responsibility for their own learning, and thus become critical thinkers.
• Seminar work with oral presentation. During the course students prepared and presented their seminar works in groups and individual.
• Field visits. The visits aim to be interesting and suitable in several themes about the industrial Bioprocess. By showing what actually goes on at a place of work, students will get a much better view of a particular business environment and will achieve a greater awareness of careers and opportunities in a particular subject area. Field visits provide a source of realistic examples to be used in class to practise the standard methods and a potential source of data for coursework. Moreover, it provides some stories which may be used to add interest to lessons.
• Hands-on, active participation. Designing activities so that students are actively involved in the project or experiment. Hands-on participation is as important as verbal participation in the activity.
• Web-based learning and assessment tools. Online formative assessment has the added advantage of allowing greater independence and self-direction on the part of the student, thus enabling staff to focus attention on students in greater need of assistance added that online self-assessment allows flexibility with regard to the time and place in which assessment is undertaken, rapid delivery of individualised feedback and opportunity for repetition.
• Service-learning portfolio. This final project documents evidence of the processes utilized and products completed during this service-learning course. The portfolio includes a combination of the following items: a weekly log of service activity, copies of journal reflections, directed writings assigned during the class period, and/or copies of products completed during the service experience (e.g. agency brochure, advocacy letters, round table agenda, etc.). The portfolio also includes a required self-assessment essay that summarized the student's current view of biotechnology including the potential benefits and drawbacks of its development and deployment.
Example of seminar work
An activity developed in the course is the use of scientific research articles as a tool to approach students the development of an industrial bioprocesses. For this purpose, collaborative learning, in which scientific research article must be used, was proposed to the students. The students have to prepare and present a seminar based on the research article. The objective of the work was to describe an innovative bioprocess where a bioreactor was used. The work must develop all stages related to a bioprocess (propagation of cultures, 
3.1.
Activity plan Along the course several activities related to the seminar work were developed. The activity plan of the proposed work is displayed in Table 1 . A detailed description of the activities per week is described below:
• Week 1. During the first week, master classes (2h) were dedicated to explain the stages of a bioprocess.
• Week 2. A seminar (1h) was dedicated to describe the activity and methodology in which the scientific article must be used. In this seminar the deadline dates and way to evaluate the proposed activity, were also indicated. The work was based on cooperative activity. Thus, groups of two people were formed. Topics about different bioprocess were proposed by the teacher in order to help the students. Nevertheless, students could propose alternative topics. At the end of this seminar, the groups let teacher know the selected topic. During this week, the groups began to search for scientific article and additional information about the selected topic (3h). For this activity, the groups mainly used web database as Scopus or Science Finder. Scientific research articles are mostly in English for 
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• Week 3. In this week, the groups continued searching the information necessary to accomplish the proposed work (3h).
• Week 4. During this week, the groups redacted an outline report based on the information (1h). At the end of this week the second seminar was realized (1h). In this seminar, the groups showed the documentation (scientific article and additional information) and the outline report to the teacher. In addition, the groups used this seminar to show all the doubts or problems related to the work. The teacher's function was resolved all doubts and evaluated the documentation and the outline report.
• Week 5. This week was free of class and the groups can begin to develop the written report about the topic (3h).
• Week 6-7. During these two weeks the teacher fixed with each group a mentoring to evaluate the work (1h per group). The groups continued with the written report (6h)
• Week 8. Along this week the groups had to deliver the report. The groups began to prepare their oral presentations (2h).
• Week 9. The teacher sent (email) the comments about the report to the groups. The groups continued with their oral presentation preparation (3h).
• Week 10-17. Along these weeks, seminars in which each group had to present its topic were carried out (1h). The time of each presentation should be 40 minutes and after the presentation each group had to do a question related to the presentation.
In order to evaluate the oral presentation a rubric as appear in Table 2 was used. To get this rubric, a free web tool Rubistar (ALTEC, 2000) was used. The teacher and each group utilized this tool to evaluate the oral presentation. 
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Example of planning of field visits
Visits by student groups to process plants have to be adequately planned and integrated in the context of the course. A number of aspects need to be carefully considered (Figure 2) , and the course content has to be customized in order to prepare the students and assure optimum learning results. The objectives of the visits have to be clear to all involved parties (i.e. academic and industry staff, students), as well as the relationship between the visited facility and the student task or learning objective. 
4.1.
Site selection The effectiveness of a visit to an industrial facility strongly depends on the adequate selection of the site, taking into account the specific course in which it is integrated. This kind of activity should not be considered by the students as a mere excursion or leisure time away from school. The specific objectives for the visits should be clearly identified, and therefore it must be decided if the visit will focus on a whole plant or a part of it. Some general objectives to be considered are:
• To demonstrate the application of scientific or technical concepts and principles learned in the classroom.
• To illustrate processes and products manufactured in the biotechnological industry.
• To emphasize the relevance of scientific research in developing industrial processes and products.
• To understand the operation of specific equipment.
• To observe the actual layout of a biotechnological industry plant and how a piping and instrumentation diagram is implemented.
• To understand personnel organization and functions in plant operation.
• To develop awareness of the standards of safety, including risk assessment.
• To understand the commercial, social and economic relevance of the studied industrial sector.
The industries to be visited have to be selected, based on their accordance to the defined learning objectives, but also on criteria such as type of activity, size, economic relevance and location. It would be beneficial to propose visits to more than one industry, in order to allow the students to reflect on the similarities and differences between diverse industrial processes. For instance, in the specific case of the discussed Biotechnological Processes course, visits to food and beverages industries (i.e. beer, wine or cheese manufacture) and pharmaceutical industries are proposed. Two or three days field trips could be an interesting activity, although not always feasible due to economic and time restrictions.
4.2.
Administrative requirements The organizational requirements for implementing field site visits need to be carefully considered. Visits undertaken within the teaching term have implications for timetabling, class management and teaching time utilization, which are more complex as class sizes increase. Also, safety considerations in industry restrict student numbers in the plant at a given time. Planning of the visits should take into account:
• Allocation of time for the visit. The type of industry and the objectives of the visit have to be considered. Midterm is usually recommended for this kind of activity, in order to allow the student to get a basic knowledge on biotechnological processes prior to the visit; also, at the end of the academic year the students become preoccupied with vacations and examinations, and the visits are less effective. Additionally, the other teachers have to be informed in advance of the planned activity, especially if their courses could be affected.
• Contact with industry. The companies have to be contacted, in order to get the authorization for the visit. The date, itinerary, group size and other requirements (i.e. safety, legal) should be clearly specified in advance. It is also important to know if a guide will be provided by the company, and to discuss the visit with the guide beforehand, if possible. Permission to photograph during the tour could also been asked for, since the pictures can be used in the post-tour discussion.
• Transportation. This aspect should be carefully organized, in order to avoid delays and misunderstandings. The time and meeting point, as well as the identification of the transport, has to be clearly specified to the students, both on the way out and the return trip.
Additionally, the lecturer has to foresee the possibility of some student having unavoidable conflict, such as illness or a family emergency, which could prevent attendance to one or more of the site visits. As a general rule, the students should attend at least to one of the visits to receive at least part of the benefit of the external interaction provided by this activity. However, a substitute assignment has to be given to the students who are unable to attend one of the visits.
4.3.
Preparation of the students The course content has to be customized in order to adequately prepare the students to the visit. Lectures should include examples from the companies and industries to be visited whenever possible, and allow time for discussion. The objectives of the field trip should be discussed with the students prior to the activity. Students are given individual or group reading assignments, such as background materials which are either provided by the company or prepared by the lecturer. Utilization of plant photographs or videos is recommended, and in-class exercises are designed for each visit, including aspects such as flow diagram evaluation, mass balances, plant layout development, estimation of operating costs, safety assessments, etc.Also, electronic discussion boards are a useful teaching tool: suitable discussion subjects are posted by the teacher, in order to promote the online exchange of information and opinions between the students. Sustainability and safety issues are usually successful discussion topics. It is especially interesting that the students prepare a number of questions to be posed during the visit, which will be also posted in the electronic discussion board, in order to avoid duplication.
4.4.
Final summary of the visit After each visit, a summary should be presented in the classroom, in which both lecturer and students participate. A follow-up writing assignment is proposed, in the form of a journal where the students reflect on the experience. Additional questions could arise at this stage, which can be answered by the lecturer or proposed as group assignment to the students for further discussion. Also, a quiz over specific aspects of the visit could provide useful feedback for future activities, and act as a motivating instrument. The results of the quiz were found to be very satisfactory, with marks higher than 75% in more than 80% of the students.
Student perception
Experiences from the previous academic years and some interviews similar that showed in Table 3 , demonstrated that students have positive attitude toward using computer technology and prefer the new teaching-learning methodology than traditional. Students were satisfied with new teaching methodology developed in the pilot experience and most of them wished to continue using the elearning support (Figure 3) . The anticipated difficulties were few and the results are better than expected. Students accepted the combination of classroom and e-learning environment positively and the chosen elearning environment proved to be successful. The new system, changed your studied way 1 2 3 4 5
Are you in accordance to the temporal distribution of the course? Our experience allows us to conclude that by using of this methodology it is possible to achieve the following goals:
• Enable students a uniform access to all teaching material • Direct students toward other learning resources on the internet.
• Improve and accelerate communication between students and teachers.
• Improve and accelerate communication among students.
• Stimulate students' team work.
• Enable students to adjust place, speed and way of learning according to their needs and capabilities.
• Provide students with self-evaluation mechanism.
• Facilitate teachers monitoring students' progress.
• Simplify and speed up the procedure notifying students.
• Track student's response, their initiative, suggestions and needs.
• Automate monitoring system of student progress. 
Conclusions
The obtained results permit to verify the total integration of the students into the new system, participating and proposing numerous activities. Specifically the seminary work was satisfactorily developed for each group. Although initially there were some troubles with the students with regard to use scientific articles written in nonnative language, the results obtained after the seminars were very positive. The use of scientific research articles was shown as a new tool to increase the knowledge about the initial stages of industrial and new bioprocesses in development.
Regarding to field visits the students generally agreed that the visits were necessary, interesting and enjoyable, and that they added to their knowledge on biotechnological processes. The classroom activities prior to the visit were considered useful, and collaborative tools were preferred (i.e. electronic discussion boards and classroom discussion). The selected industries were considered adequate, although more attention on the pharmaceutical and environmental sector was proposed.
Students were satisfied with new teaching methodology developed in the pilot experience and most of them wished to continue using these new strategies. Summing up, we can conclude that the teaching and learning course was successful. In addition, we detected that the knowledge of methods, practical applications and the reality of biotechnology was increased significantly with this methodology.
